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[TITLE OF THE INVENTION] Method for fabricating ferroelectric 
thin film capacitors 
[ABSTRACT] 

[OBJECT] Aprimary object of the present invention is to improve 
withstand voltage characteristics and form thin films 
applicable to practical devices. 

[CONSTITUTION] A method for fabricating a ferroelectric thin 
film capacitor, the method comprising steps of forming on a 
substrate a lower electrode layer made with an electrically 
conductive metal thin film or an oxide thin film, forming on 
the lower electrode layer a thin film mainly constituted with 
a mixture of precursors comprising a plurality of metal organic 
compounds corresponding to constituent elements of an intended 
ferroelectric material, heating and oxidizing the thin film 
to form a metal oxide thin film, giving rapid thermal annealing 
at least once to the thus formed ferroelectric thin film, forming 
on the ferroelectric thin film an upper electrode layer made 
with an electrically conductive metal thin film or an oxide 
thin film, etching the upper electrode layer , the ferroelectric 
thin film, the lower electrode layer and others to a required 
configuration to provide a capacitor structure, to which heat 
treatment is again given, wherein the temperature at which the 
rapid thermal annealing is conducted is higher than the 
temperature at which an intended ferroelectric material is 
crystalli zed . 
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[WHAT IS CLAIMED IS] 

[Claim 1] A method for fabricating a ferroelectric thin film 
capacitor, the method comprising the following: 
a step of forming on a semiconductor substrate a lower electrode 
layer made with an electrically conductive metal thin film or 
an oxide thin film, 

a step of forming on the lower electrode layer a thin film mainly 
constituted with a mixture of precursors comprising a plurality 
of metal organic compounds corresponding to constituent 
elements of an intended ferroelectric material, 
a step of heating and oxidizing the thin film to form a metal 
oxide thin film, 

a step of giving rapid thermal annealing at least once to the 
thus formed ferroelectric thin film, 

a step of forming on the ferroelectric thin film an upper 
electrode layer made with an electrically conductive metal thin 
film or an oxide thin film, and 

a step of etching the upper electrode layer, the ferroelectric 
thin film, the lower electrode layer and others to a required 
configuration to provide a capacitor structure, to which heat 
treatment is again given, wherein the temperature at which the 
rapid thermal annealing is conducted is higher than the 
temperature at which an intended ferroelectric material is 
crystallized 

[Claim 2] The method for fabricating a ferroelectric thin film 
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capacitor according to Claim 1 wherein the ferroelectric thin 
film is a bismuth-layered compound expressed by general formula 
(1) - 

(Bi^O,)- (A„.,B„ 03„,,f- (1) 
wherein 

A is a combination of one or a plurality of elements selected 
from Bi, Pb, Ba, Sr, Ca, Na, K, and Cd at any given ratio, 
B is a combination of one or a plurality of elements selected 
from Ti, Nb, Ta, W, Mo, Fe, Co, and Cr, at any given ratio, 
and 

m is a natural number of 1 to 5. 

[Claim 3] The method for fabricating a ferroelectric thin film 
capacitor according to Claim 1 wherein the ferroelectric thin 
filmisPZT expressed by the general formula (2) or its modified 
form . 

(Pbl - X + a AJ (Zr,_y_, Tiy BJ O3 + pMeO (2) 

wherein 

a = 0 to 0 . 2, 

A is a combination of one or a plurality of elements selected 
from Ca, Sr, Ba, Th, La, Y, Sm, Dy, Ce, Bi and Sb at any given 
ratio, 

X = 0 to 0 . 3, 
y = 0 to 0.9, 

B is a combination of one or a plurality of elements selected 
from Hf, Sn, Nb, Ta, W and Mo at any given ratio. 
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z = 0 to 0.3, 

P = 0 to 0 . 05, and 

Me is a combination of one or a plurality of elements selected 
form La, Y, Sm, Dy, Ce, Bi, Sb, Nb, Ta, W, Mo, Cr, Co, Ni, Fe, 
Cu, Si, Ge, U, and Sc at any given ratio. 
[DETAILED DESCRIPTION OF THE* INVENTION] 
[0001] 

[Industrial Field of tlie Invention] Tlie present invention 
related to a method for fabricating an oxide ferroelectric ttiin 
film capacitor to be used in electronic devices such as 
non-volatile semiconductor memories, 

piezoelectric/pyroelectric sensors, transducers and actuators 
by utilizing remanent polarization characteristics of 
ferroelectric thin films, andrelates to amethod for fabricating 
a ferroelectric thin film capacitor particularly excellent in 
withstand voltage characteristics. 
[0002] 

[Prior Arts] Ferroelectric materials have found many industrial 
applications due to their unique electric properties. For 
example, they have been used as piezoelectric filters and 
ultrasonic transducers due to the piezoelectricity, infrared 
sensors and pyroelectric vidicon due to the pyroelectricity , 
or light modulation devices and optical shutters due to the 
electro-optic effects, finding many other applications. In 
addition, electronic devices using thin films of these materials 
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have been invented and energetically evaluated for making these 
films thin. In particular, non-volatile memory devices 
equipped with a ferroelectric thin film capacitor utilizing 
the stability of remanent polarization have caught the greatest 
attention in light of the recent competition for providing a 
high-density and highly-integrated memory capacity. 
[0003] Representative materials to be researched competitively 
in these multiple applications include a series of 
lead-containing complex oxide ferroelectric materials such as 
PZT (lead zirconium titanate) , PLZT (lead lanthanum zirconate 
titanate) and have been studied for practical applications by 
many researchers over many years. 

[0004] Other promising ferroelectric materials also include 
the thin film of bismuth-layered perovsJcite-type oxide 
ferroelectric material disclosed in the US Patent Application 
No. 965190 (filed October 23, 1992) andUSPNo. 981133 (filed 
November 24, 1992) which was indicated by the inventors of the 
invention. As compared with conventional thin films made with 
PZT, PLZT or others, this material is excellent in fatigue 
characteristics of polarization inversion (a phenomenon of a 
gradual reduction in polarization quantity due to decreased 
ability to invert polarization through repeated polarization 
inversion) , and expected to find applications such as 
non-volatile memory devices and other electronic and optical 
devices due to the advantage. 
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[0005] Bismuth-layered perovskite-type oxide ferroelectric 
materials (hereinafter referred to as bismuth-layered 
compounds) have the composition expressed by the following 
general formula (1), made of a perovskite-like crystalline 
structure having a common peak inside the unit crystalline 
lattice, provided with a layered structure of repeating units, 
each constituted with two regions, namely a region of developing 
ferroelectric properties (some are of non-ferroelectric 
properties) and the other non-ferroelectric region constituted 
with oxidizedbismuth adjacent thereto, andhavingaunit lattice 
which is extremely long in the C axial direction. 
[0006] 

(Bi.O,)^^ (A.-.B„ 03,,,)^- (1) 
wherein 

A is a combination of one or a plurality of elements selected 
from Bi, Pb, Ba, Sr, Ca, Na, K, and Cd at any given ratio. 
[0007] 

B is a combination of one or a plurality of elements selected 
from Ti, Nb, Ta, W, Mo, Fe, Co and Cr at any given ratio, and 
m is a natural number of 1 to 5, 

Of the bismuth-layered compounds, those having ferroelectric 
properties that can be used in practical devices include Bi^TiaOia 

(bismuth titanate) , SrBi4Ti40i5 (strontium bismuth titanate) , 
SrBi2Ta209 (strontium bismuth tantalate) and SrBi2Nb209 

(strontium bismuth niobate) . Solid-solution thin films made 
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by combination of two or more types of these materials, for 
example, SrBisNbiTaiOg, are also known to exhibit excellent 
ferroelectric properties. 

[0008] General thin-film forming methods, namely, a vacuum 
film-forming method represented by sputtering, Sol-Gel 
processing method, solution applying method represented by 
metal organic decomposition method (MOD method) , chemical 
vapor-decomposition method (CVD method) or mist deposition (a 
method similar to the CVD method by which solution-state raw 
materials are changed into fine fog drops and allowed to deposit 
on a substrate) are used to form on a substrate a thin film 
made with these lead-containing complex oxide ferroelectric 
materials or bismuth-layered compounds. 

[0009] In vacuum film-forming methods such as sputtering, a 
substrate is usually heated to allow crystallization to proceed 
to some extent on the substrate and also to prevent the 
accumulation of internal stress, thereby improving 
adhesiveness with the substrate. However, there is a problem 
that oxides such as bismuth contained in the above-described 
compositions of bismuth-layered compounds or lead in 
lead-containing complex oxide ferroelectric materials are 
extremely great in saturated steam pressure, as compared with 
other metal elements or oxides and will vaporize more easily 
in a high vacuum, thereby providing thin-film compositions 
largely different from those of a target mater ial or vaporization 
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source. These methods have not been established for 
reproducibility or controllability as well. 

[0010] Sol-Gel processing method andMOP method are, therefore, 
effective in elaborately controlling a thin film of compounds 
having the complicated compositions such as those of ternary 
compounds or quaternary compounds and providing them in a large 
area at ordinary temperature and at ordinary pressure, and mist 
deposition method is effective in the second place in which 
a bulk solution commonly used in the methods can be also used. 
The inventor, et al . , made a US Patent application for the step 
for making a thin film of bismuth-layered compounds by the MOD 
method (US Patent Application No. 65656 (May 21, 1992) . 
[0011] Sol-Gel processing method or MOD method is employed to 
dry a coated film consisting of a mixture of precursors of metal 
organic compounds, and preliminary burning by rapid thermal 
annealing is conducted to promote the crystallization reaction 
at the subsequent annealing, thus making it possible to form 
a crystallization film stable in compositions and also 
fabricating a thin film capacitor excellent in electrical 
characteristics. However, the inventor, et al . , conducted more 
studies to find that the conventional methods could exhibit 
a favorable reproducibility in the absolute value of remanent 
polarization and saturation characteristics of a hysteresis 
curve, together with fatigue resistant characteristics, but 
the thus formed thin film was low in withstand voltage 
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characteristics, a thin film of PZT showed an increased leak 
current at 5V to lOV and some of the bismuth-layered compounds 
caused dielectric breakdown even at a low direct-current voltage 
of 2V to 3V. 

[0012] When a ferroelectric thin film capacitor is put into 
practical use, for example, for application to a semiconductor 
device, such a thin film is necessary that can maintain 
insulation at least at a 5V applied voltage and low in leak 
current. The thin films made with lead-containing complex 
oxide ferroelectric materials or bismuth-layered compounds 
were required for an immediate improvement in the withstand 
pressure characteristics . 

[0013] 

[Problems to be Solved by the Invention] The invention was made, 
with these problems taken into account. Thus, an object of 
the invention is to provide a method for fabricating a 
ferroelectric thin film capacitor capable of improving the 
withstand voltage characteristics of thin films made with 
lead-containing complex oxide ferroelectric materials or 
bismuth-layered compounds by conventional methods and forming 
thin films of said compounds applicable to practical devices. 
[0014] 

[Means to Solve the Problem] In order for a thin film of the 
invention to find applications in practical devices, thin films 
made with lead-containing complex oxide ferroelectric 
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materials or bismuth-layered compounds were improved for the 
withstand voltage characteristics/ metal oxide thin films 
obtained by heating and oxidation of thin films made with 
precursors of metal organic compounds are subjected to 
preliminary burning for an extremely short time at a higher 
temperature than that performed by the conventional methods, 
more particularly, at a temperature higher than the 
crystallization temperature of an intended lead-containing 
complex oxide ferroelectric material or bismuth-layered 
compound ferroelectric material, and then to calcination for 
a relatively longer period at a temperature higher than said 
crystallization temperature, thereby solving the problem. 
[0015] A detailed explanation will be made hereinafter about 
a method for fabricating the ferroelectric thin film capacitor 
of the invention. This invention relates to a method for 
fabricating a ferroelectric thin film capacitor, the method 
comprising the following: 

a step of forming on a semiconductor substrate a lower electrode 
layer made with an electrically conductive metal thin film or 
an oxide thin film, 

a step of forming on the lower electrode layer a thin film mainly 
constituted with a mixture of precursors comprising a plurality 
of metal organic compounds corresponding to constituent 
elements of an intended ferroelectric material, 
a step of heating and oxidizing said thin film to form a metal 
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oxide thin film, 

a step of giving rapid thermal annealing at least once to the 
thus formed ferroelectric thin film, 

a step of forming on said ferroelectric thin film an upper 
electrode layer made with an electrically conductive metal thin 
film or an oxide thin film, and 

a step of etching the upper electrode layer, the ferroelectric 
thin film, the lower electrode layer and others to a required 
configuration to provide a capacitor structure, to which heat 
treatment is again given, wherein the temperature at which rapid 
thermal annealing is conducted is higher than the temperature 
at which an intended ferroelectric material is crystallized. 
[0016] In the invention, said ferroelectric thin film is a 
bismuth-layered compound expressed by the general formula (1) . 
(Bi,0,r (A_,B, 0,^^,r (1) 
A is a combination of one or a plurality of elements selected 
from Bi, Pb, Ba, Sr, Ca, Na, K, and Cd at any given ratio. 
[0017] B is a combination of one or a plurality of elements 
selected from Ti, Nb, Ta, W, Mo, Fe, Co and Cr at any given 
ratio, and m is a natural number of 1 to 5. 

[0018] In the invention, said ferroelectric thin film is PZT 

expressed by the general formula (2) or its modified form. 

(Pb,.,,, AJ (Zr,.^_,Ti^ BJ O3 + pMeO (2) 

wherein 

a = 0 to 0.2, 
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A is a combination of one or a plurality of elements selected 
from Ca, Sr, Ba, Th, La, Y, Sm, Dy, Ce, Bi and Sb at any given 
ratio . 

[0019] X = 0 to 0.3, 
y = 0 to 0. 9, 

B is a combination of one or a plurality of elements selected 
from Hf, Sn, Nb, Ta, W and Mo at any given ratio. 
[0020] z= 0 to 0.3, 
p = 0 to 0. 05, 

Me is a combination of one or a plurality of elements selected 
from La, Y, Sm, Dy, Ce, Bi, Sb, Nb, Ta, W, Mo, Cr, Co, Ni, Fe, 
Cu, Si, Ge, U and Sc at any given ratio. 
[0021] 

[Action] In the invention, organic residues separated or 
dissociated from metal atoms remain substantially in the metal 
oxide thin film of the lower electrode formed through thermal 
decomposition of metal organic compounds, giving as a whole 
an amorphous state completely free of crystalline structures. 
Rapid thermal annealing is given thereto at least once at a 
temperature higher than that at which an intended ferroelectric 
material is crystallized, thereby forming a ferroelectric thin 
film. At an initial stage of this process, fine crystal nuclei 
of intended oxide ferroelectric materials are allowed to grow 
innumerably in said metal oxide thin film. It is considered 
that the thin film is heated at once to the crystallization 
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temperature or higher in association with a rapid change in 
the temperature, by which mechanical tensile force, sheering 
stress, thermal distortion and concentration take place to 
result in crystal nucleation and instantly provide an 
innumerable number of nuclei. 

[0022] Conditions under which rapid thermal annealing is 
conducted (temperature elevation rate, treatment temperature 
and retention time) can be appropriately selected to control 
the production density of crystal nuclei and facilitate the 
crystal growth according to the retention time. Increase in 
the density of the crystal nuclei to be grown can make the distance 
between grains short in proportion to the density, facilitating 
an effective and uniform crystallization reaction, allowing 
grains to fuse together at the same time, thereby forming for 
a short time an elaborate ferroelectric thin film which is 
uniform in grain size. 

[0023] A thin film capacitor made with a thin film of 
lead-containing complex oxide ferroelectric materials or 
bismuth-layered compounds formed through the film forming 
process of the invention is low in defective layers on the surface 
of individual crystal grains and provided with an elaborate 
film structure in which the non-ferroelectric phase dispersed 
in a grain boundary layer is reduced to a minimum extent, thereby 
exhibiting remarkably excellent withstand voltage properties . 
[0024] In addition, since rapid thermal annealing can effect 
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crystallization in a very short time, compounds of bismuth oxide 
and lead oxide, which will tend to vaporize and render short, 
are incorporated into the crystalline lattice and will not be 
removed on heating and calcination, by which the compositions 
can be controlled easily to form a uniform thin film that is 
lower in defect density both on the surface and inside of the 
thin film. 

[0025] In the invention, the ferroelectric thin film is a 
bismuth-layered compound expressed by the formula (1) . 
Therefore, the bismuth-layered compound f erroelectricmaterial 
of the invention has a layered crystalline structure comprising 
repeating units regularly overlapped with a two-dimensional 
bismuth oxide layer and a ferroelectric perovskite structure. 
In most cases, bismuth-layered, compounds are more highly 
resistant in fatigue related to polarization inversion than 
lead-containing complex oxides. 

[ 0026] A ferroelectric thin film capacitor excellent in fatigue 
characteristics of polarization inversion and also high in 
withstand voltage properties can be fabricated with a film of 
bismuth-layered compounds formed by the film-forming process 
of the invention. 

[0027] In the invention, the ferroelectric thin film is PZT 
expressed by the formula (2) or its modified form. Therefore, 
PZT-based ferroelectric materials of this invention are high 
in polarization performance and can provide a large electric 
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current even when the capacitor is made small in area, and 
effectively used in fabricating a memory capacity that is high 
in density and small in cell area. 

[ 002 8 ] A ferroelectric thin film capacitor excellent in fatigue 
characteristics of polarization inversion and also high in 
withstand voltage properties can be fabricated with a thin film 
of lead-containing complex oxide ferroelectric materials 
formed by the film-forming process of the invention, 
[0029] 

[Embodiments ] 

(Comparative Example 1) A thin film of SrBi2Ta209 was formed 
by the conventional method to fabricate a capacitor, which was 
denoted as Comparative Example 1. 

[0030] Xylene solution of 2-ethylhexyl hexanoate of each Sr, 
Bi or Ta was used as a precursor solution to add Hi at an excessive 
quantity of 10% in relation to stoichiometric ratio. A film 
was formed on a silicone substrate equipped with a 200nm-thick 
platinum electrode at the coating concentration of 0.15M and 
at the overshooting speed of 2000rpm. After the coated film 
was dried at 250*^C for 5 minutes, a lamp annealer was used to 
heat the film up to 725°C at a temperature elevation rate of 
125°C/second and conduct baking by rapidly elevating the 
temperature for 30 seconds in an oxygen atmosphere. Steps of 
coating, film formation and baking were repeated three times 
to obtain a multilayer film, which was annealed at 800°C for 
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60 minutes in an oxygen atmosphere (primary annealing) . 
Consequently, the steps provided a thin film of SrBi2Ta209 with 
a film thickness of 240nm. A 200nm-thick upper platinum 
electrode was sputtered to form a film on the ferroelectric 
thin film, and an ion mill was used to effect etching, thereby 
fabricating a capacitor. An area of the capacitor was lOOjim 
X lOOfim (= lOOOOpim^) . At the last stage, a secondary annealing 
was given to the entire substrate at 800°C for 30 minutes in 
an oxygen atmosphere. 

[ 0031 ] The same solution as used in the above Comparative Example 
1 was used to prepare the following Embodiment. Process 
parameters not described in particular were the same as those 
used in Comparative Example 1. 

(Embodiment 1) Rapid thermal annealing was conducted at the 
temperature elevation rate of 125°C/second at the retention 
temperature of 800°C and for the retention time of 30 seconds 
to prepare a 3-layered film with a film thickness of 240nm. 
Thereafter, a 200nm-thick upper platinum electrode was 
sputtered to form a film on the ferroelectric thin film, and 
an ion mill was used to effect etching, thereby preparing a 
capacitor, with no primary annealing conducted. At the last 
stage, a secondary annealing was given to the entire substrate 
at 800°C for 30 minutes in an oxygen atmosphere, which was denoted 
as Embodiment 1 . 

[0032] (Embodiment 2) Rapid thermal annealing was conducted 



18 



at the temperature elevation rate of 125''C/second at the 
retention temperature of 800''C and for the retention time of 
30 seconds to prepare a 3-layered film with a film thickness 
of 240nm, which was subjected to primary annealing at 400°C 
for 60 minutes in oxygen atmosphere. Other steps were conducted 
under the same conditions as in Comparative Example 1 to 
fabricate a thin film capacitor , and at the last stage a secondary 
annealing was given to the entire substrate at 800°C for 30 
minutes in an oxygen atmosphere. 

[0033] (Embodiment 3) Rapid thermal annealing was conducted 
at the temperature elevation rate of 125''C/second at the 
retention temperature of SOO'^C and for the retention time of 
30 seconds to prepare a 3-layered film with a film thickness 
of 240nm, which was annealed at 800°C for 60 minutes in an oxygen 
atmosphere . Other steps were conducted under the same conditions 
as in the other embodiments to fabricate a thin film capacitor. 
At the last stage, a secondary annealing was given to the entire 
substrate at 800°C for 30 minutes in an oxygen atmosphere, which 
was denoted as Embodiment 3. 

[0034] (Embodiment 4) Rapid thermal annealing was conducted 
at the temperature elevation rate of 125°C/second at the 
retention temperature of 850°C and for the retention time of 
30 seconds to prepare a 3-layered film. Other steps were 
conducted under the same conditions as in Embodiment 3 to 
fabricate a thin film capacitor, which was denoted as Embodiment 
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4 . 

[0035] FIG. 1 shows the hysteresis curves obtained from 
Comparative Example 1 and Embodiments 1 through 4 . Measurement 
was made by using an ordinary sawyer tower circuit, sine wave 

was applied at ±2, ±4, ±6, ±8a.nd±10V, and the hysteresis curves 
were superimposed and indicated in relation to individual input 
voltages observed by the oscilloscope. 

[0036] FIG- 2 through FIG. 6 show the current-voltage curves 
( I-V curves ) obtained from Comparative Example 1 and Embodiments 
1 through 4. A semiconductor parameter analyzer (trade name: 
hp-4145) (Hewlett Packard) was used to measure the current value 
between the upper and lower electrodes. 

[0037] Comparison of the hysteresis curves in FIG. 1 revealed 
that Embodiments 1 and 2 were smaller in remanent polarization 
of 2Pr than the other embodiments, while Comparative Example 
1 and Embodiments 3 and 4 were similar in remanent polarization 
and all of them were excellent in saturation characteristics. 
[0038] FIG. 2 through FIG. 6 showed I-V characteristics, showing 
an amount of the current running through a ferroelectric thin 
film in relation to a certain applied voltage. In Comparative 
Example 1, the current was stable and on the order of 10"^ (A/cm^) 
at a voltage up to IV, but spilce-lilce leak current was observed 
at voltages exceeding 7V and dielectric breakdown finally took 
place at the applied vol tage of 18V. Incontrast, in Embodiments 
1 and 2, the leak current does not increase up to the voltage 
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of lOV, in Embodiinent 3, the current was stable up to 20V, and 
in Embodiment 4, the current showed stable I-V characteristics 
up to the voltage of 25V, without any breakage. To be more 
specific, rapid thermal annealing at temperatures exceeding 
SOO^'C makes it possible to fabricate a ferroelectric capacitor 
low in leak current and excellent in withstand voltage 
characteristics . 

[0039] The above results have revealed the effect of the 
invention . 

(Comparative Example 2) A thin film of Pb (Zro.^Tio.e) O3 was formed 
by the conventional method to fabricate a capacitor, which was 
denoted as Comparative Example 2. 

[0040] 2-methoxy ethanol solution of isopropoxide of each Pb 
acetate, Zr or Ti was used as a precursor solution to add Pb 
at an excessive quantity of 7% in relation to stoichiometric 
ratio. 2-methoxy ethanol solution in which acetic acid and 
distilled water were mixed with a metal in the solution at an 
equal mol ratio was added thereto to give the coating 
concentration of 0.5M. Then, a film was formed on a silicone 
substrate equipped with a 200nm platinum electrode at the 
overshooting speed of 2000rpm. After the coated film was dried 
at 200°C for 5 minutes, a lamp annealer was used to heat the 
film up to eSO^'C at the temperature elevation rate of 125°C/second 
and conduct baking by rapidly elevating the temperature for 
30 seconds in an oxygen atmosphere. Steps of coating, film 
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formation and baking were repeated three times to obtain a 

multilayer film, which was annealed at 700°C for 60 minutes 
in an oxygen atmosphere. Consequently, the steps provided a 
thin film of Pb ( Zro.4Tio.6) O3 with a film thickness of 300nm. A 
200nm-thick upper platinum electrode was sputtered to form a 
film on the ferroelectric thin film, and an ion mill was used 
to effect etching, thereby fabricating a capacitor. An area 
of the capacitor was 100|jjn x 100|im (= 10000|am^) . At the last 
stage, a secondary annealing was given to the entire substrate 

at 700®C for 30 minutes in an oxygen atmosphere. 
[ 0041 ] The same solution as used in the above Comparative Example 
2 was used to prepare the following Embodiment. Process 
parameters not described in particular were the same as those 
used in Comparative Example 2. 

(Embodiment 5) Rapid thermal annealing was conducted at the 
temperature elevation rate of 125°C/second at the retention 
temperature of 750°C and for the retention time of 30 seconds 
to prepare a 3-layered film with a film thickness of 300nm, 

which was then annealed at 750°C for 60 minutes in an oxygen 
atmosphere. An upper platinum electrode was treated to form 
a thin film, and an ion mill was used to effect etching, thereby 
fabricating a capacitor. At the last stage, a secondary 
annealing was given to the entire substrate at 750°C for 30 
minutes in an oxygen atmosphere, which was denoted as Embodiment 
5. 
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[0042] FIG. 7 showed the current voltage curves (I-V curves) 
obtained from Comparative Example 2 and Embodiment 5. In 
Comparative Example 2, the current value was lO'Wcm^ up to 
about lOV, but a gradual increase in leak current was observed 
at the higher voltage, and dielectric breakdown took place at 
about 30V. In contrast, in Embodiment 5, the current value 
was also similar or 10~^A/cm^ up to about lOV, but leak current 
hardly increased up to the voltage of 30V or above. 

[0043] In Embodiment 5, an explanation was made by referring 
to a case where an electrically conductive metal constituting 
the lower electrode layer and the upper electrode layer was 
platinum. Usable for this purpose may be any precious metal 
elements such as rhodium, palladium, ruthenium, rubidium, 
iridium and osmium or any of these alloys which have a high 
melting point resistant to the temperature of preliminary 
burning or calcination of a ferroelectric thin film but do not 
have chemical interactions such as an alloying reaction with 
ferroelectric material constituent elements . Also, usable may 
be any complex compound of iridium oxide/tin oxide or oxides 
of precious metal elements such as ruthenium oxide, rubidium 
oxide, iridium oxide and osmium oxide which are stable in an 
oxidation atmosphere, intrinsically provided with regular 
arrangement of oxygen in the crystalline structure and excellent 
in inter facial consistency with an oxide ferroelectric material . 
Additionally, usable may be a laminated structure constituted 
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with any of these metals or their oxides. 

[0044] The above explanation was made on the basis of the 
embodiment, and the following inventions will also be included 
in this specification. 
1. (Corresponding to Embodiment 1) 

A method for fabricating a ferroelectric thin film capacitor, 
the method comprising the following: 

a step of forming on a semiconductor substrate a lower electrode 
layer made with an electrically conductive metal thin film or 
an oxide thin film, 

a step of forming on the lower electrode layer a thin film mainly 
constituted with a mixture of precursors comprising a plurality 
of metal organic compounds corresponding to constituent 
elements of an intended ferroelectric material, 
a step of heating and oxidizing said thin film to form a metal 
oxide thin film, 

a step of giving rapid thermal annealing at least once to the 
thus formed ferroelectric thin film, 

a step of forming on said ferroelectric thin film an upper 
electrode layer made with an electrically conductive metal thin 
film or an oxide thin film, and 

a step of etching the upper electrode layer, the ferroelectric 
thin film, the lower electrode layer and others to a required 
configuration to provide a capacitor structure, to which heat 
treatment is again given, wherein the temperature at which the 
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rapid thermal annealing is conducted is higher than the 
temperature at which an intended ferroelectric material is 
crystallized. 

[0045] (Action) Organic residues separated or dissociated from 
metal atoms remain substantially in the metal oxide thin film 
of the lower electrode formed through thermal decomposition 
of metal organic compounds, giving as a whole an amorphous state 
completely free of crystalline structures. Rapid thermal 
annealing is performed thereto at least once at a temperature 
higher than that at which an intended ferroelectric material 
is crystallized, thereby forming a ferroelectric thin film. 
At an initial stage of this process, fine crystal nuclei of 
intended oxide ferroelectric materials are allowed to grow 
innumerably in said metal oxide thin film. It is considered 
that the thin film is heated at once to the crystallization 
temperature or higher in association with a rapid change in 
the temperature, by which mechanical tensile force, sheering 
stress, thermal distortion and concentration take place to 
result in crystal nucleation and instantly provide an 
innumerable number of nuclei. 

[004 6] Conditions under which rapid thermal annealing is 
conducted (temperature elevation rate, treatment temperature 
and retention time) can be appropriately selected to control 
the production density of crystal nuclei, thereby facilitating 
the crystal growth according to the retention time. Increase 
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in the density of the crystal nuclei to be grown can make the 
distance between grains short in proportion to the density, 
facilitating an effective and uniform crystallization reaction, 
allowing grains to fuse together at the same time, thereby 
forming for a short time an elaborate ferroelectric thin film 
which is uniform in grain size. 

[0047] (Effect) A thin film capacitor made with a thin film 
of lead-containing complex oxide ferroelectric materials or 
bismuth-layered compounds formed through the film forming 
process of the invention is low in defective layers on the surface 
of individual crystal grains and provided with an elaborate 
film structure in which the non-ferroelectric phase dispersed 
in a grain boundary layer is reduced to the minimum extent, 
thereby exhibiting remarkably excellent withstand voltage 
properties . 

[0048] In addition, since rapid thermal annealing can effect 
crystallization in a very short time, compounds of bismuth oxide 
and lead oxide, which will tend to vaporize and render short, 
are incorporated into the crystalline lattice and will not be 
removed on heating and calcination, by which the compositions 
can be controlled easily to form a uniform thin film that is 
lower in defective density both on the surface and inside of 
the thin film. 

2. (Corresponding to Embodiments 2 through 4 and Embodiment 
5) 
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A method for fabricating a ferroelectric thin film capacitor 
described in the first paragraph, wherein an additional step 
is conducted in which a ferroelectric thin film is calcinated 
in a furnace to form a ferroelectric thin film, after the step 
of said rapid thermal annealing, and the temperature at which 
calcination is conducted is lower than the temperature at which 
said rapid thermal annealing is conducted. 
[0049] (Constitution) The same as that described above. 
(Action) Where rapid thermal annealing is conducted to develop 
and grow fine crystal nuclei at the same time, the effect and 
action as those described in the first paragraph can improve 
the withstand pressure characteristics of the thin film- 
However, there is a case where in association with a rapid 
crystallization, non-crystalline constituents tend to remain 
in a grain boundary layer and result in a poor exhibition of 
ferroelectric properties after formation of a capacitor, or 
a great stress remains inside the film and cracks may develop 
with the lapse of time. Rapid thermal annealing makes it 
possible to form crystal nuclei at a certain density and also 
to calcinate for a sufficient time at a temperature higher than 
the crystallization temperature the film in a state where 
non-crystalline constituents remain, by which crystallization 
reaction can be carried out effectively and uniformly. Crystal 
grains also fuse together, thereby forming for a short time 
an elaborate ferroelectric thin film which is uniform in grain 
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[0050] (Effect) As described so far, the film forming process 
of the invention makes it possible to easily control thin-film 
compositions of lead-containing complex oxide ferroelectric 
materials and bismuth-layered compounds which form a thin film 
capacitor, thereby forming a thin film having remarkably 
excellent withstand voltage properties and uniform and 
elaborate film structures constituted with uniformly-sized 
crystal grains. 

3. (Corresponding to Embodiments 2 through 4 and Embodiment 
5) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 and 2, wherein a means for forming 
a thin film mainly constituted with a mixture of precursors 
comprising said metal organic compounds is a solution casting 
method by spin coating. 

[0051] (Constitution) The lead-containing complex oxide 
ferroelectric materials, for example, PZT is subjected to 
Sol-Gel processing to form a thin film, more particularly, 
organic acid compounds such as lead acetate trihydrate, titanium 
isopropoxide and zirconium propoxide or appropriate metal 
compound precursors soluble in organic solvents such as metal 
alkoxides are mixed at a suitable composition ratio, depending 
on an intended material, and water, pH adjusting agents or 
hydrolysis catalysts are then added to a precursor solution 
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dissolved in organic solvents such as 2-methoxyethanol , 
2-methoxy 1-propanol and 2-ethoxyethanol , when necessary, and 
the resultant is subjected to spin coating to develop and form 
a thin film on a substrate. 

[0052] In the case of the bismuth-layered compounds, the MOD 
method is employed, more particularly, metal alcoxides such 
as Sr isopropoxide and Ta ethoxide, metal organic acid compounds 
such as 2-ethyl hexanoic acid bismuth, 2-ethyl hexanoic 
strontium and n-actanoic acid strontium, p diketone compounds 
such as acetyl acetone compounds and other appropriate metal 
compounds soluble inorganic solvents are mixed at a composition 
ratio corresponding to an intended material, a precursor 
solution dissolved in aliphatic alcohols such as 
2-methoxyethanol, 2-methoxy 1-propanol and 2-ethoxy ethanol, 
ester solvents such as ethyl acetate andbutyl acetate, aromatic 
solvents such as toluene and xylene and other organic solvents 
are subjected to spin coating to develop and form a thin film 
on a substrate. 

[0053] A coated film immediately after spin coating is a liquid 
film containing a great quantity of solvents . The film is heated 
to remove organic solvents by vaporization and to thermally 
decompose organic metal compounds as well, thereby forming a 
metal oxide thin film. The fabricating method of the invention 
is applied to the thus formed oxide thin film, to be more specific, 
the film is subjected to rapid thermal annealing at a temperature 
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higher than that at which ferroelectric materials are 
crystallized, which is denoted as a raw ferroelectric thin film 
(a thin film which is finally formed by calcination in 
film-forming steps including calcination is hereinafter 
referred to as ferroelectric. thin film, and in distinction from 
the film, a thin film available after rapid thermal annealing 
but before the calcination is referred to as raw ferroelectric 
thin film) , and the raw ferroelectric thin film is further 
calcinated in a furnace at a temperature higher than that at 
which ferroelectric materials are crystallized to complete the 
crystallization reaction, thus forming a ferroelectric thin 
film. An upper electrode layer is formed on the ferroelectric 
thin film, which is etched to provide a capacitor structure 
and then subjected to heat treatment again. 

[0054] (Action) Sol-Gel processing and MOD methods, both of 
which are a solution casting method are advantageous over any 
other vacuum film forming methods in that at an initial stage 
of a preparing solution, bulk compounds can be directly measured 
for weight or volume and any complicated composition can be 
exactly reproduced. Furthermore, these methods are ideal in 
forming a film for use in semiconductor devices, because how 
organic compounds of individual metal elements are mixed can 
be easily obtained at the molecular level, thereby 
crystallization which is a solid-phase reaction, can be 
performed at temperatures lower by several hundred centigrade 
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through an entire process, as compared with bulk ceramics . The 
film is subjected to heating and oxidation to give a uniform 
and amorphous state, which can facilitate the crystal nucleation 
at the subsequent preliminary burning by rapidly elevating the 
temperature, thereby forming a uniformly thin film free of 
composition distribution or characteristics distribution. 
[0055] (Effect) As described above, a thin film capacitor 
fabricated with a thin film of bismuth-layered compounds 
obtained by applying the film-forming process of the invention 
to a thin film formed by the solution casting method is uniformly 
distributed in terms of the composition or characteristics, 
low in defective layers on the surface of individual crystal 
grains and provided with an elaborate film structure in which 
the non-ferroelectric phase dispersed in a grain boundary layer 
is reduced to the minimum extent, thereby exhibiting remarkably 
excellent withstand voltage properties. 

[0056] Regarding the inhibition of deficient vaporization of 

chemical compounds such as bismuth oxides and lead oxides on 

preliminary burning by rapid heating, a sufficient effect can 

be obtained without conducting the step at an unnecessarily 

high temperature, due to the resultant formation of a mixture 

which is uniform at the molecular level. 

4. (Easily deducible from Embodiments 1 and 2) 

A method for fabricating a ferroelectric thin film capacitor 

described in paragraphs 1 and 2, wherein a means for forming 
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the thin film mainly constituted with a mixture of precursors 
comprising said metal organic compounds is a mist- deposition 
method by spraying a precursor solution, 

[0057] (Constitution) Abulk solution identical with a precursor 
solution to be used in the solution casting method is used, 
namely, the bulk solution is sprayed at an ordinary pressure 
or at a reduced pressure to form fine liquid drops and to deposit 
them on a substrate . At the time when a predetermined thickness 
is obtained, the deposit is taken out from a film forming tank 
and heated to remove remaining organic solvents through 
vaporization and to thermally decompose organic metal compounds, 
thereby forming a metal oxide thin film. The fabricating method 
of the invention is applied to the thus formed oxide thin film, 
namely, the film is subjected to rapid thermal annealing at 
a temperature higher than that at which ferroelectric materials 
are crystallized, or a raw ferroelectric thin film in which 
non-crystalline constituents still remain in a great quantity 
is given and calcinated in a furnace at a temperature higher 
than that at which ferroelectric materials are crystallized 
to complete the crystallization reaction, thus forming a 
ferroelectric thin film. An upper electrode layer is formed 
on the ferroelectric thin film, which is etched to provide a 
capacitor structure and then subjected to heat treatment again. 
[0058] (Action) Since the bulk solution is similar to that used 
in the solution casting method, the solution and the thin film 
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can be controlled for the compositions at a favorable 
reproducibility. Elements are mixed by the solution casting 
method, by which a uniform thin film can be obtained. 
[0059] In addition, the mist deposition method is advantageous 
in that all steps from supply of a bulk solution to film formation 
can be carried out in a closed system to prevent possible 
contamination with impurities, thereby avoiding defects of a 
coated film such as throwing and bank entailed in the spin coat 
method. Furthermore, this method allows to attain a uniform 
deposit from the gaseous phase, thereby forming a film with 
step coverage properties smooth on the surface of a step 
substrate . 

[0060] (Effect) A thin film of bismuth-layered compounds 
obtained by applying the film- forming process of the invention 
to a thin film formed by the mist deposition method is uniformly 
distributed in terms of the composition or characteristics, 
and therefore becomes a high-quality thin film with low in film 
defects . The film is also low in defective layers on the surface 
of individual crystal grains and provided with an elaborate 
film structure in which the non- ferroelectric phase dispersed 
in a grain boundary layer is reduced to the minimum extent, 
and therefore, a thin film capacitor exhibiting remarkably 
excellent withstand voltage properties can be fabricated. 
[0061] In view of the effect on the inhibition of deficient 
vaporization of easily vaporizable chemical compounds on 
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preliminary burning by rapid heating, it is also advantageous 
as with the solution casting method that the step can be carried 
out at lower temperatures. 

5. (Corresponding to Embodiments 1 through 5) 

A method for fabricating a ferroelectric thin film capacitor 

described in paragraphs 1 to 4, wherein at a step of forming 

a metal oxide thin film through heating and oxidation of a thin 

film mainly constituted with a mixture of precursors comprising 

the metal organic compounds, the step is carried out at a 

temperature lower than 500°C to form a metal oxide thin film 
in an amorphous state. 

[0062] (Constitution) The same as that described above. 

(Action) Precursor metal organic compounds corresponding to 
said PZT and bismuth-layered compound thin films are thermally 
decomposed in the range from 300°C to 450°C. In the thermal 
decomposition reaction with precursor metal organic compounds, 
the organic moiety is dissociated from metal atoms and burnt 
to produce carbon dioxide and water, dispersed and eliminated 
into a gaseous phase, or remains in the film as free carbonaceous 
materials . At the same time, the metal atoms undergo oxidative 
reaction to produce oxides. In order to obtain a crystalline 
thin film of an intended ferroelectric material, the material 
may be heated up to the crystallization temperature to grow 
crystals . However, when a thin f ilmmade of aprecursor compound 
is heated all at once, the thin film undergoes an excessive 
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shrinkage of volume in association with burning of solvents 
and carbonaceous materials, thereby frequently causing cracks 
or film peeling from the substrate. Furthermore, organic 
materials remaining in the film place obstacles in the way of 
a smooth crystallization reaction. 

[0063] The above step results in a thin film high in void ratio, 
failing to provide favorable characteristics as expected. 
Since the crystallization temperature of an intended PZT is 
about 700°C and that of bismuth-layered compound is about 800°C, 
it is possible to produce metal oxides, without crystallization 
of the ferroelectric material, and to form an amorphous film 
by setting the temperature at the heating and oxidation step 
to SOO^C or lower. Furthermore, since oxides of individual 
constituent elements are uniformly mixed, rapid heating and 
preliminary burning of the invention is given to the film to 
add a great amount of heat in an extremely short time, thereby 
burning residual organic materials all at once to completely 
eliminate the materials out of the film, and easily developing 
fine crystal nuclei to form an intended raw ferroelectric thin 
film. 

[0064] As explained above, it is necessary to allow individual 
heat treatment processes for forming a ferroelectric thin film 
to proceed in a step-wise fashion by preventing peeling of the 
thin film and cracking, with consideration given to various 
changes in the volume such as volume shrinkage due to 



35 



vaporization of solvents, volume shrinkage in association with 
burning and elimination of functional groups and volume 
shrinkage in association with crystallization. In the step of 
heating and oxidation involved in drying and oxidation 
degradation in particular, a deposit undergoes the greatest 
shrinkage. Thus, it is desirable to allow this step to proceed 
in several divided steps, namely from a step proceeding at a 
lower temperature to that proceeding at a higher temperature 
in the range from boiling points of solutions and solvents to 
degradation temperatures of organic compounds. 
[0065] (Effect) As explained above, the temperature at which 
a thin film made of precursor compounds is subjected to heating 
and oxidation is kept at 500°C or lower, thereby allowing a 
raw ferroelectric thin film and a ferroelectric thin film as 
well to crystallize smoothly at the subsequent step, and 
fabricating a ferroelectric thin film capacitor excellent in 
the withstand voltage characteristics. 
6. (Corresponding to Embodiments 1 through 5) 
A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 5, wherein said rapid thermal 
annealing is carried out in the temperature elevation rate from 
1 to 200°C/second and in the retention time from 5 to 300 seconds . 
[0066] (Constitution) The same as that described above. 
(Action) It is necessary to attain a rapid temperature elevation 
inside the thin film in order to produce fine crystal nuclei 
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by the above-described rapid thermal annealing. It is 
considered that the thin film is heated all at once to the 
crystallization temperature or higher in association with a 
rapid change in the temperature, by which mechanical tensile 
force, sheering stress, thermal distortion and concentration 
take place instantly to produce an innumerable number of fine 
crystal nuclei inside the thin film mainly due to these physical 
and thermal fluctuations. The rate of elevating temperature 
at l^'C/second or lower is too slow in temperature change and 
can hardly produce nucleation, while the rate at 200''C/second 
or higher is an upper limit of a lamp heating apparatus in 
conducting the temperature control at a high accuracy and 
nucleation cannot be realized in practice. 

[0 067] It is considered that an initial crystal nucleation takes 
place in a very short time, for example, within one second. 
However, in reality, it takes a longer time that a substrate 
is stable in temperature in its entirety. A practically 
effective heat treatment time is in the range from 5 to 300 
seconds. A longer heat treatment will accelerate the growth 
of crystal nuclei, allowing the crystallization reaction to 
proceed too rapidly, by which the grain size varies greatly 
to result in a failure in obtaining a uniform grain size 
distribution, and non-crystalline constituents are 
substantially incorporated into crystallization, thereby 
making it difficult to effect crystal growth at the calcination 
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process . 

[0068] (Effect) Crystal nuclei are allowed to develop more 
effectively by conducting the above rapid heat treatment, then 
uniformly grown at the calcination step, thereby forming a 
high-quality ferroelectric, thin film which is uniformly 
distributed in terms of the composition and characteristics 
and low in defective films. It is, thus, possible to fabricate 
a thin film capacitor having remarkably excellent withstand 
voltage properties by providing an elaborate film structure 
which is low in defective layers on the surface of 
polycrystalline grains and in which the non-f er roe lectric phase 
dispersed in a grain boundary layer is reduced to the minimum 
extent , 

7. (Corresponding to Embodiments 1 through 5) 
A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 6, wherein atmospheric constituents 
in which saidmetal oxide thin film is subjected to rapid thermal 
annealing contain oxygen at 20vol % or greater. 

[0069] (Constitution) The same as that described above. 

(Action) Preliminary burning through the above-described rapid 
thermal annealing is carried out at an oxygen atmosphere, 
preferably, at an atmosphere containing oxygen at 20vol % or 
greater (air) , thereby allowing carbonaceous materials 
remaining in said metal oxide thin film to burn and vaporize 
effectively, thereby promoting the oxidative reaction of metal 
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atoms . 

[0070] (Effect) It is possible to reduce the concentration of 
carbonaceous impurities responsible for inhibition of 
crystallization reaction, development of lattice defects and 
decrease in film density by promoting burning and vaporization 
of carbonaceous materials in the film. As a result, a 
high-quality ferroelectric thin film can be obtained, which 
is uniformly distributed in terms of the composition and 
characteristics and low in defective films. It is, thus, 
possible to fabricate a thin film capacitor having remarkably 
excellent withstand voltage properties by providing an 
elaborate film structure which is low in defective layers on 
the surface of individual crystal grains and in which the 
non-ferroelectric phase dispersed in a grain boundary layer 
is reduced to the minimum extent. 

8 . A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 7, wherein a ferroelectric thin 
film formed by said rapid thermal annealing is a partially 
crystallized film and in a mixed state of non-crystalline phase 
and crystalline ferroelectric phase. 

[0071] (Constitution) The same as that described above. 
(Action) Rapid thermal annealing of said metal oxide film will 
produce many crystal nuclei in the thin film. Conditions of 
rapid thermal annealing, namely, temperature elevation rate, 
retention temperature and retention time can be appropriately 
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selected to control the size and density of crystal nuclei as 
well as the proportion of crystal line moiety and non-crystalline 
moiety. Since crystal nuclei are available in a mixed state 
of fine crystal nuclei andnon-crystalline moiety at preliminary 
burning, they will individually grow into large crystalline 
grains uniform in size and low in defects by gradually 
incorporating oxide molecules around the non-crystalline 
moiety at the subsequent long lasting calcination step. 
[0072] (Effect) Preliminary burning by rapid thermal annealing 
can promote only the crystal nucleat ion at high-density to obtain 
a mixed state of crystalline phase and non-crystalline phase, 
thereby forming a high-density less-defective ferroelectric 
thin film consisting of uniformly-sized crystalline grains. 
As a result, fabricated is a thin film capacitor with remarkably 
excellent withstand voltage properties. 
9. (Corresponding to Embodiments 1 through 5) 
A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 8 , wherein the temperature elevation 
rate at said calcination step is 100°C/minute or lower and the 
treatment time is 5 minutes or longer. 

[0073] (Constitution) The same as that described above. 

(Action) A raw ferroelectric thin film, which is formed through 
partial crystallization by rapid thermal annealing, is 
calcinated for a relatively longer time than the treatment time, 
controlled for the crystallization rate through selection of 
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the calcination time, by which crystals are grown gradually 
to provide a uniform crystalline thin film. 

Many defective crystals are contained in crystal nuclei which 
are formed by rapid thermal annealing in a remarkably short-time 
change in temperature andby treatment at a constant temperature . 
However, the defect can be amended to reduce the defective 
density by elevating the temperature quite slowly at 
100°C/minute and conducting the calcination for more than 5 
minutes, preferably, from 30 minutes to several hours. 
[0074] Calcination should be carried out at a temperature higher 
than the crystallization temperature of an intended 
ferroelectric material thin film. It is, however, preferable 
that said temperature should be equal to or lower than the 
temperature at which rapid thermal annealing is conducted in 
order to reduce the thermal damage caused when an integrated 
circuit formed on a semiconductor substrate is exposed to 
high-temperature treatment for a long time. 

[0075] (Effect) A raw ferroelectric thin film is calcinated 
at the temperature elevation rate of 100°C/minute or lower and 
for 5 minutes or longer, thereby obtaining uni f ormly-sized grain 
distribution with less-defective crystals, and forming a 
ferroelectric thin film capacitor with remarlcable withstand 
voltage properties having high-quality and high 
characteristics based on the above actions. 
10. (Corresponding to Embodiments 1 through 5) 
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A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 9, wherein said rapid thermal 
annealing is given to a thin film, thickness of which ranges 
from O.OSjim to l|xm. 

[0076] (Constitution) The same as that described above. 

(Action) It is preferable that a thin film to be treated by 
preliminary burning of the invention is from 0,05|Lim to Ipim in 
film thickness. Where it is less than O.OSjxm in thickness, 
the lamination step takes a longer and encounters a difficulty 
in continuous film formation due to an excessive thinness, 
thereby causing defective layers more frequently to result in 
a failure in obtaining a high-quality thin film. Where one 
layer of the film exceeds Ijoin in thickness, the steps of drying 
and rapid thermal annealing undergo shrinkage of film volume 
and subsequent peeling of a film from a substrate or have an 
easy occurrence of cracking, and tend to form a porous film 
due to the fact that fine pores formed on vaporization of solvents 
do not shrink or collapse even on calcination. Furthermore, 
where the film thickness exceeds Ipm, an electric field effective 
in polarization inversion of ferroelectric materials cannot 
be applied at the voltage of 5V or lower which is a driving 
voltage for ordinary semiconductor devices. 

[0077] (Effect) A high-quality ferroelectric thin film 
capacitor free of cracking or peeling and high in insulation 
can be fabricated by placing a restriction on the film thickness . 
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11. (Corresponding to Embodiments 1 through 5) 
A method for fabricating a ferroelectric thin film capacitor 
described in paragraph 10, wherein steps from lamination of 
said thin film to rapid thermal annealing are repeated several 
times to form a multi-layered film, thereby obtaining a thin 
film with a predetermined thickness. 

[0078] (Constitution) The solution casting method or the mist 
deposition method is employed to form a thin film of precursor 
metal organic compounds, then, steps from heating and oxidation 
to rapid thermal annealing are repeated several times according 
to the film forming process of the invention to obtain a 
multi-layered raw ferroelectric thin film with a predetermined 
thickness, and a ferroelectric thin film capacitor is fabricated 
through steps subsequent to calcination. 

[0079] (Action) As explained previously, the steps of drying 
and rapid thermal annealing undergo a great shrinkage of film 
volume and peeling of a film from a substrate or have the 
occurrence of cracking and tend to form a porous film due to 
the fact that fine pores formed on vaporization of solvents 
do not shrink or collapse even on calcination, and these problems 
occur more easily as an intended thin film becomes thicker. 
Where a ferroelectric film with a thickness exceeding l|am is 
needed or an elaborate thin film is needed although a thickness 
is less than 1/fim, it is possible to prevent the occurrence 
of said cracking or peeling and increased void ratio of the 
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film by making the thin film multi-layered to provide rapid 
thermal annealing at each layer, thereby removing the 
concentration of an excessive stress in association with the 
shrinkage at each layer. 

[0080] (Effect) A thin film is made multi-layered and subjected 
to the process of the invention, thereby making it possible 
to easily forma film, even when the thickness includes or exceeds 
Ijim. 

12 . Amethod for fabricating a ferroelectric thin film capacitor 
described in paragraph 11, wherein each layer for forming the 
multi-layered film is different in the ratio of constituent 
elements . 

[0081] (Constitution) The same as that described above. 

(Action) Bismuth-layered compounds related to the invention 
may contain bismuth oxides easily vaporizable into the 
constituent elements or may contain lead oxides. PZT has lead 
oxide essential to the constituent element. Where a precursor 
film is made in a mixture ratio equal to the stoichiometric 
ratio of an intended compound and a subsequent step of heat 
treatment is deficient due to vaporization and elimination of 
certain elements during the step, crystal growth may not proceed 
through to completion and the increase in density of defective 
crystals or in thickness of a grain boundary layer may 
deteriorate original ferroelectric properties of the thin film, 
thereby failing in providing polarization characteristics as 
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expected. In this instance, to a thin film consisting of one 
layer or multiple layers uniform in stoichiometric composition, 
another thin film consisting of one layer or multiple layers 
identical in the composition except for an excessive content 
of a specif ic element, for example, bismuth or lead, is laminated 
and coated, and a multi-layered film having the concentration 
gradient of said specific element is heated and calcinated over 
an area from the film surface to the interior in a film- thickness 
direction. Thin films entirely different in composition may 
be laminated together, where it is required to provide different 
functional characteristics in a film- thickness direction, 
[0082] (Effect) An intended thin film is made multi-layered 
and formed, with the composition changed, according to the 
invention, by which defective compositions near the surface 
of a thin film can be corrected to remove conventional defects 
such as a decrease in polarization performance due to deviation 
of the composition from the stoichiometric composition ratio 
resulting from deficient vaporization of lead, bismuth and 
others, decrease in resistant electric field due to residue 
of excessive bismuth or lead inside the film, deteriorated film 
quality due to non-uniformity of said composition and occurrence 
of electric short circuits. It is also possible to improve 
the functional characteristics by using ferroelectric thin film 
compositions with different properties in individual layers. 
13. (Corresponding to Embodiments 1 through 4) 
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A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 12, wherein said ferroelectric 
thin film is a bismuth- layered compound expressed by the general 
formula ( 1 ) . 
[0083] 

(Bi,0,r (A^.,B„ 03^,,r (1) 

A is a combination of one or a plurality of elements selected 

from Bi, Pb, Ba, Sr, Ca, Na, K, and Cd at any given ratio. 

[0084] B is a combination of one or a plurality of elements 
selected from Ti^ Nb, Ta, W, Mo, Fe, Co and Cr at any given 
ratio, and m is a natural number of 1 to 5. 

[0085] (Constitution) The same as that described above. 

(Action) The bismuth-layered compound ferroelectric material 
of the invention has a layered crystalline structure comprising 
repeating units regularly overlapped with a two-dimensional 
bismuth oxide layer and a ferroelectric perovskite structure. 
In most cases, bismuth-layered compounds are more highly 
resistant in fatigue related to polarization inversion than 
lead-containing complex oxides. 

[0086] (Effect) A film of a bismuth-layered compound can be 
formed by using the film-forming process of the invention, 
thereby fabricating a ferroelectric thin film capacitor 
excellent in fatigue characteristics of polarization inversion 
and also high in withstand voltage properties. 
14. (Corresponding to Embodiments 1 through 4) 



A method for fabricating a ferroelectric thin film capacitor 
described in paragraph 13, wherein said bismuth-layered 
compound is bismuth strontium niobate tantalate expressed by 
the general formula (1' ) . 
[0087] 

SrBi, (Ta,., NbJ ,0, d^) 
(Constitution) The same as that described in the claim. 
[0088] (Action) Of bismuth-layered compound ferroelectric 
materials related to the invention, bismuth strontium niobate 
tantalate:SrBi2(Tai_xNbx)2O9(0<x<l) is particularly excellent 
in fatigue characteristics of polarization inversion, free of 
deterioration of inverted electric charge after repetition of 
polarization inversions more than 10^^ times, and most suitable 
in memory devices in the use of semiconductors which need 
polarization inversion at a great number of times in association 
with writing, reading and elimination of recorded information. 
Tantalate and niobate, which are identical in valency, almost 
similar in atomic radius, can be replaced with each other in 
the crystalline lattice. Selection of the ratio of Ta to Nb 
malces it possible to control the resistant electric field, a 
threshold level of remanent polarization and polarization 
inversion, and also to design a device high in degree of freedom. 
[0089] (Effect) It is possible to provide a ferroelectric thin 
film capacitor best suited for semiconductor memories by forming 
a thin film of SrBi2 (Tai-xNbx) 2O9 with improved withstand voltage 



47 



properties and particularly excellent in the fatigue 
characteristics of polarization inversion. 

15. (Corresponding to Embodiments 1 through 4) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraph 14, wherein said rapid thermal annealing 
is conducted at 80O''C or higher. 

[0090] (Constitution) The same as that described above. 
(Action) A thin film of SrBi2Ta209 will crystallize at about 
800°C. Therefore, rapid thermal annealing and preliminary 
burning are conducted at temperatures including or exceeding 
800°C, thereby easily forming a raw ferroelectric thin film 
made with said material. 

[0091] (Effect) Rapid thermal annealing of the invention is 
conducted at temperatures including or exceeding 800*^C, thereby 
forming a thin film of SrBi2Ta209 excellent in withstand voltage 
properties and fabricating a ferroelectric thin film capacitor 
excellent in fatigue resistance and a high inpressure resistance 
using the same. 

16. (Corresponding to Embodiments 1, 3 and 4) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 14 and 15, wherein said calcination 
step is conducted at 800°C or higher. 

[0092] (Constitution) The same as that described above, 
(Action) A thin film of SrBi2 Ta209 has the crystallization 
temperature in the vicinity of 800°C. Calcination at 
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temperatures including or exceeding 800°C makes it possible 
to easily form a ferroelectric thin film, a raw film uniform 
in grain size distribution and high in film density. 
[0093] (Effect) The calcination of the invention at temperatures 
including or exceeding 800°C makes it possible to provide a 
thin f ilmof SrBi2 TaaOg excellent in withstand voltage properties 
and to fabricate a ferroelectric thin film capacitor excellent 
in fatigue resistance and high in pressure resistance using 
the same. 

17. (Corresponding to Embodiment 5) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 1 to 12, wherein said ferroelectric 
thin film is PZT expressed by the general formula (2) or its 
modified form. 
[0094] 

(Pb,.,,, AJ (Zr,.,., Ti^ BJ O3 + PMeO (2) 
wherein 

a = 0 - 0.2, and 

A is a combination of one or a plurality of elements selected 
from Ca, Sr, Ba, Th, La, Y, Sm, Dy, Ce, Bi, and Sb at any given 
ratio . 

[0095] X = 0 - 0.3, 
y = 0 - 0.9, and 

B is a combination of one or a plurality of elements selected 
from Hf, Sn, Nb, Ta, W and Mo at any given ratio. 
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[0096] z = 0 - 0.3, 
P = 0 - 0.05, and 

Me is a combination of one or a plurality of elements selected 
from La, Y, Sm, Dy, Ce, Bi, Sb, Nb, Ta, W, Mo, Cr, Co, Ni, Fe, 
Cu, Si, Ge, U and Sc at any given ratio. 

[0097] (Constitution) The same as that described above. 

(Action) A PZT-based ferroelectric material of the invention 
is provided with a large polarization performance, can provide 
a great current even when the area of a capacitor is made small 
and therefore advantageous in providing a memory capacity that 
is high in density and small in cell area. 

[ 0098] (Effect) The film forming process of the invention makes 
it possible to form a lead-containing complex oxide 
ferroelectric thin film and also to provide a ferroelectric 
thin film capacitor excellent in fatigue characteristics of 
polarization inversion and high in withstand voltage 
properties . 

18. (Corresponding to Embodiment 5) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraph 17, wherein said rapid thermal annealing 
is conducted at temperatures including or exceeding 700°C. 

[0099] (Constitution) The same as that described above. 

(Action) The above PZT thin film has the crystallization 
temperature in the vicinity of 700^C. Rapid thermal annealing 
at temperatures including or exceeding 700°C makes it possible 
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to easily form a ferroelectric thin film, a rawmaterial thereof. 
[0100] (Effect) Rapid thermal annealing of the invention is 
conducted at temperatures including or exceeding VOO'^C, thereby 
making it possible to form a PZT thin film excellent in withstand 
voltage properties and also to provide a ferroelectric thin 
film capacitor excellent in fatigue resistance and high in 
pressure resistance . 

19, (Corresponding to Embodiment 5) 

A method for fabricating a ferroelectric thin film capacitor 
described in paragraphs 17 and 18, wherein said calcination 
is conducted at temperatures including or exceeding 700°C. 

[0101] (Constitution) The same as that described above. 

(Action) The above PZT thin film has the crystallization 
temperature in the vicinity of 700°C. Calcination at 
temperatures exceeding 700*='C makes it possible to easily form 
a ferroelectric thin film, a raw material uniform in grain 
size distribution and high in film density. 

[0102] (Effect) Calcination of the invention is conducted at 
temperatures including or exceeding 700°C, thereby making it 
possible to form a PZT thin film excellent in withstand voltage 
properties and also to provide a ferroelectric thin film 
capacitor excellent in fatigue resistance and high in pressure 
resistance . 
[0103] 

[Effect of the Invention] As described in detail, the present 
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invention makes it possible to improve the withstand voltage 
characteristics of thin films of lead-containing complex oxide 
ferroelectric materials or bismuth-layered compounds made 
according to the present invention and provide a method for 
a ferroelectric thin film capacitor which is formed with a thin 
film of said compounds and which is applicable to practical 
devices . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] An explanatory drawing of comparing hysteresis curves 
shown in Comparative Example 1 and Embodiments 1 through 4 . 

[FIG. 2] Adrawing of I-V characteristics of Comparative Example 
1 . 

[FIG. 3] A drawing of I-V characteristics of Embodiment 1. 
[FIG. 4] A drawing of I-V characteristics of Embodiment 2. 
[FIG. 5] A drawing of I-V characteristics of Embodiment 3. 
[FIG. 6] A drawing of I-V characteristics of Embodiment 4. 
[FIG. 7] Adrawing of I-V characteristics of Comparative Example 
2 and Embodiment 5 . 
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(B i2 02 ) 2+ (Am-l Bm C 
A = Bi. Pb. Ba. Sr, Ca. Na, K, CdO) 

lCj;-5i!Sfi.^^+5-t+, B = Ti. Nb. Ta, W, Mo, 
Fe, Co. C r<7)rtA^f,aiSttS1 OtL<l*«S!t7C 

(P bl-X+a Ax ) (Z r1-y-z 

a=0~0. 2 

A = Ca, Sr. Ba. Th. La, Y, Sm, Dy, 
Ce, Bi, S b<7)a*>A^t>igl*H-5 1 ^'feL<l*«S!t 

Ttmt^ t» 3S -5 ffstfc^i- J; ssa^^t?-i+. 

x = 0~'0. 3 
y = 0~0. 9 

B=Hf, Sn, Nb, Ta, W, M o <D 5 ^>SfS 

z = 0~0. 3 
^ = 0~0. 05 

Me = La, Y, Sm, Dy. Ce, Bi. Sb. N 
b. Ta. W, Mo, Cr. Co, Ni, Fe, Cu. 

Si. Ge, U. 8 ca)3^A'>t>S(i^t-5 1 ■3 4.L<li 

[O O O 1 ] 

?tKa(*»is^ V / V ^ ©Si »c M-r ^ 1 0) -e ^ o 

[O O O 2] 

§l^#1t$f|JfflL•c#<<^)^}■lHcflJffl*4^■cu^*= •enx. 

t*va>lc, fci)L^I*mm3t^S^I*^^lJfflLfc3teSifflm 

(B i 2 02 ) 2+ (Ani-1 Bm 
A = B i , Pb, Ba. Sr. Ca. Na. K. Cd<D 



3in+l) 2- (1) 

[a*^3] MiB^^m(*jisisj!)<-«^ (2) -ess 
$ ti * p z T t L < 1* ^- (0 ^ c t ^ !t#® t ^ 

T i y Bz ) 03 +;3MeO (2) 

fiitp'^Eij^/wxtt, fijs©i3it§a<osffis<b, IS 

[0 0 0 3J c5 Lfc*ffl^icj5criSgorwiS$+i.r 
i&) , PLZT (^^:^Kv/ua>ss^>^>f&) 

-S(Dl&#:&«&ii<b!|«J3i^a(*A<*lfP.tt, ^^lc;b 
o fcr ^ < <7) J: y llffl<b<7)«lltA<lg|lt C>+Lr 

[0 0 0 4] *fc, ■€-<©fte©^Mnt?igsm«-iS<kLr. 

:*:SIB^#f>lcJ:oTBJA^lc^^^fc3^fe@!|*l'Fmlii9 6 5 1 
90 (1 992^10^235 tUm) . U S P 9 8 1 1 
3 3 (1 9 9 2^1 1^24Hailii) IB»(DeX^XB 

W3^l*(it3l5a)PZT, P LZTt?<7)aiKlCit«SLr^>«i 

[0 0 0 5] ex-7Xgtt'<D:?x*-r hSKIbifeiStSI 
a<* (laJlT, t*X-7Xgtt<b^!|a<!:Pf.5^) l*Ti5©-«: 
se (1) -t?«SF*i«>iiafiE^^L. *<omi4SSS18^l*ilc 

ii^#t*Lfc'<D^x*-i' h4i^^sa«tjtA^c,^i:ygiiSla 
tt^5ist--5SB«- (-giJisafiE(=i*i^?igi®l4rot<Dt,fc 
l>) ctLlrBS^LfcKibtfxvxj!)^c,Jtfi,g^?i}Bia 

[O O O 6] 

»3nH-l) 2- (1 ) 
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[0007] B=Ti. Nb, Ta, W, Mo. Fe. 
Co. C r(Dl*^3!)^P.SI^H^ 1 -3tL<l*«»7cmA^^. 

^■55i^«tt^^-rt<0.»: Uri*, B i4 T i3 O 
12 (^^ >^t*XVX) $5&tf><!: LT S r B i 4 T i 4 
Ol5 (^^i/K:^ hD>f^'!7i»t?X-7X) . S r B i 2 
Ta2 09 (4f ha^^-t^At'X-^X) Sr 

Bi2Nb2 09 hPl/^'^AexvX) 

a)iSai^^-|±l=J:-&@5$t*:aiffi. ^jtlSS r B i 2 N bi 
Tai 09 tfi4xfc3tSIS14^*-r-i:A<ftlc>tLT(.> 

■5. 

(000 8] C:Kt>©f8-&««^K<t!^^Siai*A^ex 

jdcK/^, ^j)\^fj\^m, mmit-^i^m^mm (mod^) 
izri.m^ti^m7&m^^. its^^imm^mi (cvd 

-So 

[00 09] ^/^v? u >yt^o)3^^JjEffi5£(cfct^t: 

[0010] -€-<Dfc«6 = 7c^, E7rS'(b^!|^<7)J;a<ElS 
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9 2^5^2 1 Bdilii) 0)aJBi^^toTt^-5. 

[0 0 1 1] i/;uy;u^^f>MOD5Si=<J:or^)S^«'ib 
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[0 0 14] 
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t*:Rt;exvx^tt^b^!K!iaiis<Di6!g»i±tt3is^. ^ 
S*ti'lb^!|^!lH^^E«:A^ JEf -5 jtlKS inSftiSib L r 

li a W <t -r « tS^ W«^K1bia^^«(*X (i f X V 
iK^b^!|^^gimi^a>$tS^bigig J: i-j 4>;S2S(criii£»i3 

[0 0 15] :$i%m\zj^^^mm^mm^Yi^'>^<r>Wi 

)g:^al=OL^TJilTlCi¥L<l5iB^■r■5, C(Df|B^li, # 

1--5xsi:. c<7)»K^ft]f»K'lbLr#)SK<b!feiSllS* 
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A = Bi, Pb. Ba. Sr, Ca, Na, K, Cd<0 
I^A^t,igl*+t^ 1 0 4, L < li«S!tic^A^^,^tf -SffiSit^ 

[0 0 17] B=Ti. Nb. Ta, W, Mo. Fe. 
Co, C r<7)rt*^e,Slftl■5 1 L<l*«l^lt7C^A^^, 

(P bl-x+a Ax ) (Z ri-y-z 

a=0 — O. 2 

A = Ca, S r, Ba. Th. La. Y. Sm. Dy, 
Ce. Bi. S b©3*.6''e.S(*tl-5 1 -^t L<i*«ia 

[O O 1 9] x = 0'-0. 3 
y = 0~0. 9 

B = Hf. Sn. Nb. Ta. W. M o © -p S(i 

[O O 2 O] z = 0~0. 3 
/S = 0 — O. OS 

Me = La. Y. Sm. Dy. Ce, Bi. Sb. N 
b. Ta, W, Mo, Cr. Co, Ni, Fe, Cu, 
Si, Ge. U. S c<0a*>A^f)ai*+l-6l ■ot,L<l* 

[002 1] 

[0 0 2 2] Mj&m)^iat^Mma)^¥^ WkM 
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*sa'ibS)S*<ffiit^Ftt. i^i^icjita*fti5]±a)gfe&tec 

•So 

[0 0 2 3] :$:mBMo)^myD-b:^vwf!S.t^*itzfi-^m 
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*»iS+A'/^>f i*S-$sa^TaiS©^:l5fi^A<'>'tf < , 

[0 0 2 4] tshiz^mm-^namikmit. i^fti^s^ra 
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T 1 y Bz ) 03 +/SMe O (2) 

iS^b fx V ;?.-¥>K^b^(D<b^!feiA<<$a^ST* (CIS y a,* 

[00 2 5] z(ommzt5i^x. 34^m(*-»iHi*. s 

(1) ©e;?.^;^@tt^b#1Si-r?fc-5„ (j6oT. *fiBj(= 
11*5-5 f;?. vxMtt<b^!Ki^Siai*l* 2?)?5c6<jIc/2;a< y 
^*-rSK'lbt*;^v;^g<t^iiatt'<P3fx*-f hfllit 
A^^WMlcS'Ef y ^ o r J^lilt-r -SJi y il L*<4A^ t> JtS -s 
MttiSa«ligS*t--S>= #<(0t*x-7XMtt^b^!|aiit& 

'^^^^mim{zit-<x^ms.^mmziii-t^mikm< 

[00 2 6] *f|B^©j5EK:^a4rx^tortfx-7;;Mi 
tt^b^iaSfi£ie-r-5cti-J:^r. «-fiiS$KJ6^!^ttic 
fiti, A^•^a^6i!Siii^S14©5iSI«^*:»l«^v/«v^^» 

[0 0 2 7] CCDflWiCfcLxT, 5iSISf*»l«l*. iC 

(2) </5PZT4,L<l*-?-©^tt(*-eJ5-5o fifeor. 
ISI^lcHt^s P z T ^5ii^m(*l4;*:^'&:^J-«14fie^:S 

^v/^v^rffiS^/h* < trt,*:#<ta3S^ffiiydi 

Sib. •feil.SS©/hS1bir:Sfij-efc.5o 
[O O 2 8] :*:f|B^©llKK^D-fex^4,ort&^:&«^ 

»<b#i?i^a(*aiis^jiitis-r-5c<ticj;oT, ^sisfe 

[0 0 2 9] 
[HMM] 

(Jt«Ml) «fe3l5:^D-trXirj:.5S r B I 2 T a2 O9 
[0 0 3 0] glKi*5§jatL.rS r. Bi. Ta(0=&2 

amies* LT1 o%jatn](cai*DLf=<. ^^sa^o. 

1 5M<t Sy^yjSffi2 O O O r pm7?2 O O nm 
S^aS^Sltfcv'J n>Stg±|cjj£KLfc» 
jg^2 5 0°C-C55^■|a^f ofc^. ^>:^T-— 
r 1 2 5'ti/«>(DP-SjSfiT'7 2 5°c*-c*inSftuK^+ 
-C3 0fj?fa(D^a^S'<— j7$-JfiLfc. ^^tTJjKKA'>f.'< 

--^^-eroxe^ 3i5]<iyigLT^BK<t:L. ^mass 

*t?8 0 0°C. 6 O^J-faOT-— ;U (IJRT— — JU) $ 
?Tofc„ ^-OSSS. ffiJl2 4 O nmOS r B i 2 T a2 

09 »flssf#fco mmzoonm<D±^&^m.m^^m 
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1*1 00//mXl OO um (=1 OOOO^m2 ) -Vib 
■5. ««i::S«:^tt5Km»3S*-e8 OCC, 3 0i^fS\ 
fl)2jR7'— — ;u^f7ofco 
[O O 3 1 ] JifBtfcS^J 1 irl^CJSSS^ffll^rJaTCDll 

— SHitfcK^gi i:|5|-rfcSo 
(.mmm ^ ) tLdSSaimi^SS 1 2 s-'c/lJxDftSjS 

«}#Sfi8 0 0''C. •KJ#ftiai3 0 8>P^a)lfe«^T74Tt^ 
aJl2 4 O nmfl)3gK^f*fi£Lf=o -f-tDS. 1 2)iT- 

^a^*3lla-hlcx/^y^«J5£lSL, -^^ti^zji^^mi^xji 

<*$K*a3tE*-C8 0 0°C, 3 OiJ-|aa)2*T-— JUS^ 

[0032] (.m^m 2) M&^&tsam^^m^^ 2 5°c 

/fJXD^SiSS. ffi}#jaffi8 0 0°C. «»^P^3 0«>ra 
(0lfefrT?m^ieff2 4 0nmO3BK*ftJ?EL. MM^. 
gS«-e4 0 0°C. 6 0»(a<7)i;;RT-— iU^fTot:„ -5- 

a)tefl)^D-bxlfe#liitSi«9i tmctLxm^S^=^^r^< 
v^SJKfSL, S«(cSffi^(*^K«m3!E*-<?8 0 0 
°c. 3 o»raa)2?>;7'-— ^u^jfiLfco 
[o o 3 3] mmma) M.mm-smmmm^ i 2 e'c 
/faxDSSiis. •Kifs«8oo°c, •Ri#^ra3o«>ra 

a)lfef*-t??TU^KJl2 40 nmfl)3MK^ffJ5EL. MMSi 

agtfj-es o o^c. 6 o^J-raroT--— ^u^frox. ftbron 

ifi^t*:$'K*si/TS*-c?8 o o°c, 3 o^^^faa)2^J?7'-— 
;^^^7tvz;t^^Sl^fi^5!I3 i: Lfc, 

[0034] (IIJfi^4) ^S&S*OS?ft«ia$ 1 2 5°C 
yUXOm-^mSt. «J#SiS8 5 0°C. «J*^H3 OftTal 

^SISfi0!l4.!:Lfco 

[ o o 3 5 ] 01 {zitmm 1 at/nte^ 1 ~ 4 ro t 

fflt^±2. ±4, ±6. ±8, ± 1 O V<0-y--f EP 
[0 0 3 6] ia2~|2l6(CifcSi09l &L^3IJfi0!l1 -4 0) 

m3?E-mBE*— 7f (i-v*— $*-r= ay^i*ti 

(ffla* : h p-4 1 4 5) ^fflL^rJlTmiiliyilCSK^X 

[0037] 01 a)t;^T^u vx*— :?$a:»-r-5t. 

<D[ztltLxit^m^ tmmms. 4i*(a(si^ufis^si-r 

[0 0 3 8] 0 2-061* 1 -V!f#tt^*-r. &-5Hl*n 



X&ho ltiJ15!l1 l**J<fc-?-7 V*7?m5?tfiSl*1 0-5 (A 

©u— i7m35A<ffiS^*iEpj!niai±i 8 v-e-^t^(ciffi»fl^^ 
li*<®cort^s„ ctiustL, SlJfi^i &u:2i*i o 

vjii±*-e'j-^7m35i*iitti-B-r, *f>ic*tfi053i*2 
a*ojs&fflia$8oo''ciai±t??f 5*i-j:or. u— j7a 

[O O 3 9] J^^±<7)^SS*^^,3f:f|BJ«)S(J*:6<WC,A^r^S) 

(a:gS«5 2) ill*^D-bXfcJ;^p b (Zro.4Ti 
0.6 ) 03 •»K^fl^fiELT+A'/N'v^^1«i;eLZ*l^hb 
^0(2 ^ Lfco 
[O O 4 O] ttrffit*J$jft«!: LTP b(OgfKt&. Zr, T 
i ©'S-'f V:^a^*vK(D2> h^vx^i/— 
ffltV P b^'(t^a^U:l-StLT7%ja*J(caftlLfc, 

2^ h + vi^ry-^Uj^ja^iJDTL^^ijSS^O. 5Mi: 
iiyy!iyjlffi2 O O O r pmT'11^2 O O nmOS 

^ 2 00°C-C5^J•(^^7ofc&«^. ^>r^"T-— ^^fflt^ 

•c 1 2 5°c/H>a)SajSSt?6 5 o'c^-eliaSftLK^* 

-<7^-ea)xfi^3iHiJsyjiLr^siai:L. K*a35 
(t'-e7 0 0''c. 6 o^}-ia©T-— ;u$4Tof=o -€-©SiS 

a. raiS3 0 0nm<7)Pb (Z ro.4 T i 0. 6 > ©3 B 

K^?#fco PI12 o o nrt,<D±m&^mm^^mmt^m 

SfforJF-v/^>^?JKliELfc» ^v/^v^iroSWIil 
00;umxlOOA<m (=1 0000/ym2) -Cfc-So 

a^(rSS:t:(*SK^m3K*-e7 o o°c. 3 o^m<D2 
[004 1] ±t&itmm2tmc}^7&^mi^r\iJLT<Dm 

K»3 O O nm<D3BP$ttJ5£L. K*m3S4't?7 5 0 

"c. 6 o5j-pdiroT--ju$fi-ofc= -hSpe^mfii^figK 

L -< > 5 i U ^ ffl L T X ^ > * fr o T + -V / « V ^« $ 
J&fiELfco ««ic»te^(*^K*a3S*r-7 5 0°C. 3 

O »ra<7) 2 iU^ Jfi LT Ctl^HliS^ StLtzo 

[0 0 4 2] m7\zitmm2:sLifmmm5(nmik-mE. 

ii-zf (1 -yts-^) ^fr^-t, lk»^2(*fc<fc^-i o 
V*t?m35<ll*1 0-5A/cm2 S^LTLN^A^ ^tt 
)il±-ei*aaElS<n]lc 1 1 >Ef t^ U — <7 a5itA<^>!?lcii:)t L 

i^3 O V-eS6!itflSS6<SCort^^o ZtLlCj^L. 
g^tfi^ 5 1 O Viftffl-t? 1 0-5a/ c m2i:|Sl C 
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[0 0 4 31 !SSb\ *IIS£ff5 5*-^l±Tgi5mfii@Rt;± 

v-iiA, JUfv-^A, ^''Jv't;A. :^;^5 

A Aj: i: cDll^a TcfgCD L ^-r tL*> * 1*^ tl f> (0 

-K<biga)«^^b^!|*i* fc itmitii^^ K^b;u e 
Sllbl' 'J A. iS<b:l-X5't;A©ft*S5c« 
(DKIbiacDi^-rttd^-Cfc-^-ct^i^. *fcz+ic,^B<t 
li^biBao) W^fllJt-efltfiE * +Lr <»: t ^„ 

1 . (.mmm ^ {zinit) 

m(**ti^(DSsga'ibssjiiJi-eat)^ c t ^ij^at -r-ssisi 

[0045] (f^ffl) ^a^8lib^!B!i<75i!ft»<il(c<feor 

f^fiit * ^T«iia<s±©^)s»ib!t«!i-siis+ (r li^aisT 

< jig fi«it LNg^SMttalC: o r S „ 

-*t^'>3ij:< <!rt 1 Iirom^#S*Df»fflis^ a wrongs 

a(*^*^fl)$ga-(bssKi±r'jfi-r ^ t iz j: y 3t^ai*:» 

-Ib^i^lioTSSa^bSSmJilc-Mlctelffe^tl. CtL(c<i; 

y?lf?ec**i-5««^M^i:?lo?iyAf■t^•^Bft5*. s&m 
[0 0 4 6] Mi^^^isammmoi^n- «is 



ft^^S-r. «^^?-t±4tsSa<^<73gBS^iSA-5^.!:lcj:y 
SsSaibSlBA<ffiii$*i, l^^(c$gaiKl?)±<Oifi&*,Ec 

[00471 mm ^^m(Dmmzfo-b:kX'Bis.ts*i 
fcfa^*«^ii'(bia^ea(*& i; e X V X stt^b^iaai 

ISA^c,'ti:Saiia^A'/«v^«l*#^a«l^*iia)^:|!(5^A< 

[0048] ^ f> . t^^izmm^ 

^<b t*;<. vx-'fK'IbSJ^^b^^iA^SiSaiS^+lclSJ y a* 

2. (Ill5fiff3 2~4. IIJSff!l5|cm) 

[0 0 4 9] (flij3t) sJrfBrt§iciii-r-&o 

y mm(ommm&^itit\Si±-ti,t<. M^tji^^itiz^ 
t^tft^Mic**safiE»A<ss L-v>-r < +a'/<->^ a^re^ 

/j: X H L/ ;^ A<^B L r ^IHifijfi i: i t (- ^ ^7 

Lfcy-rsii^A^feSo 3iiitsja*nrsftiiia(cj;yjgai^ 

c.l::|sga^bSSJil±-??^ra^*Mtr«J$-r-5C 
ic J: y Sfi^Wt?!^- jSliSaibSJE ^^Sit-T -S ^ <t A^t? 

#■5= i5i^icfsaiKi5i±©ife^4,scy&g(D}i5ofcS! 

[0 0 5 0] (SliS) Ja-hO!>*«B^O)iiEP::''D-bx(cj: 
ttlS. »IS4r-\'/<->5'$}KJ?lt-r-5ia#*«^ii1b#l3i^ 

mt*:&i/ t*x -7 X ^tt^b^ia<7)aiK!iaj5E5§M izMjw 

=&«Sa«t^fl):*:^*A<}i}ofcJ^M-c?»S&/j:a«it$ 

^ o 

3. (|gJSff!l2~4. ^Jfi<M5lcm) 

[005 1] («|J|E) fIfHrp^-&*«^K^b!t«!l?i^a«:. 
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2> 1 -:^p/^y — ;u. 2-x h^t-i/x^y — 

[0 0 5 2] ^fc. fil2exvx@tt^b^4ao5«^l*. 
S r -f v:^0 7K+v h\ Tax h=^v K^Ef ifOJ^STVU 

3 + ->h\ 2-X?=^JU'v::^F-9->Kt*XVX. 2 -X5=^;U 

2-y h+vx^ry— Jl,, 2 h+i/- 1 -:^D/< 
y— 2-x h+>>x^ty— iu/j:i:<D)liflfilST;U3 — 
JU. it^x^^u, »K^^^U/d:ifroxx7^juS?&JSE. h 

[0 0 5 3] xtf>=i- htt^a)^^pi*j$j«S#aic 
Mitmmm^i&m-t^o mm^titzMimmmzMLx 

!5&*F+-C?i^«(**r2^<D$Sa'lbSSfel-t-e^J5£ffliS*t£ 

LTSss'ibS)S^s«a^F-B-r5i^mi*»iK<frSo sisi 
Bi*sia±icjia5s«ig^}^ReLx-v5^>y*nx(cj: y 

[0 0 5 4] (-f^ffl) i/;uy;u5£&i;Mo Djsroisgssja 
^^T5^i:tlca?l!J©5§japs<7)KPglcfoa^rii:s^li^'lb 

y. zi(D^X'i&<Di^t^tji^M:^^mmttt'<xmiiLtj:^ 

tiy-=ttsi*<#^ic#iiti*fc46, @^is^Et?aE.s^sa^b 
5 'V'>xicibgiLr±l*©:^'p-bxss^ 

^ffiER^jS-Cifc^o An«ftK<bXS^JSfcl5|-/d:*a«tt 

[o o 5 5] mm) iii±vS^^fzi:5{z^mm^miz^ 



fi/hffilcftl^ p. tLfc®!&<f K1«)t t -5 C t ic J; o r fil 

[0 0 5 6] ^FC,lcgL3^)!inl>R(Cj:Sffi^fllS^a)K^be 
xv^-^K-fbtSfflib^^aroHfl^eSfflfqtcotxrt, 5t 

izi&^tzi^^i^-<)\.X'i^-tj:m'^mmmtsti^^m. 

^^5.ilJ^^JllcaiL^::/■^-trXS)S^fflL^-r<!:t^-^J■^EJaS3!)^ 

4. (Sijfi«?i. zf^^^mizmm^) 
frl^^fea*«^b^i|^*^ p, -5^ffi<*;i^!fe ^±iS.^ t -r 

[0 0 5 7] («lJiE) ?&jal^^!i5£-efflL^5^trE^*5S;•a<b: 

^mm-thz.t\z^-oxn's^^m'Si^ysk(jimm^^^t 
^m^m\t'^i/!&(n^i^^^n-:>x±mm.\t^anm^M 

f *o }K)«*Hfc»^b!t^-»M(z**Lr*siBS«Sjt:&5S 

mBM^my^xmm'&^nmt-t^t'^. *fci*5i^isa^b 

gia(**ti|BKlijSa'(bSSJil±t?^fiE«iS^J£ L rtSS'fb 
l::JiSlS«i^^}ejjELx-y^>y*nxicJ; y4^v/^->-S« 
[ o o 5 8 ] (ftffl) JS^^^firJS i P)4Sfl> JliS5$^& ^ffl 

[oo59]ttix.r. 5;^ h¥7Ki?->3 >afe^fflc^sc 
i:fc^-etT5c<b(-J;y^$6!|4ifl);1A^B6Jh-C#. 

[0060] (jaS) 5:^ h7^7Kv->a>5£lcJ:y}^^ 
xvxM«1b^!K!iaMSI*i!aj«W(c4,, !>#i4WlctJ$i-/<f 

^i^^mm.i^^Sii\^mz9!i7Lhitxf=.tskmf^mkm.tu^ 
c t <fc o r c> Hi) V ^« i*fil«6r etLfci^ 

[o o 6 1 ] n.^is\m\z^^^m^mi^(j>^m%±oi\t 

a -b X < «) tL -5 C <t A<-t? ^ -S C i: ^ 
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-5 o 

5. ^mmm^ --stzftot) 

[0 0 6 2] mm) mt&f^^i^m-f^o 
■SHiiig<*^js*ti4b^!feii*3 o 0-4 5 o'coimmtzm 

^fci&icii. zti^jsSa^bSS^-einiJjftLrjsSfl^fi* 
■a-c-v>tLi* st^*^ fnEtt^-fb^iaA^ t,<f-5SK^-mic 

i:nfor|ga<bSi5A<XA-X(cjifTL'Eft>o 
[0 0 6 3] ^-CDjsg^. ^iai^OT*:#^taiBli:/d:o-cas 

aibSSl*7 o CctlrS. exv;^@ttib^!^«)ISa<b 
SSttsootMa-cfc-SANt,, c<oiiDJSftK^bxg©«i 
sag^ 5 o o°cjaT(c-r-5> c t ic J; or^BKIbiai* 
ts ttr t ?ig|^tt:<K)jsga^bi*e c t.ri^astt®a) 

i: ic <fe y ^SS^ffflrt (c:*:f»a ^io § c t ic J: o r SB 

[0 0 6 4] ±v^<o^5iz^m'm{^mmmfS.(7>tztb<D<&- 
iaf^mmi.mizni^x\t. mmmm\z^^t$.mi\nm. « 
^■wm&<nmmmmizf¥^ot^misitss, $ga^bi=#3{*« 

»l3l*i^roa>!?<7)«:ttgfe^b*#ltLr»l«<7)iim. -^^'V 
^ > -5^ S Eftih L ?S A< i^, SPgW IC jiff $ SiB^S ^ „ 

^{znt^s.umit^mzm^htiafsimitx.mxitm.mf}< 

[0 0 6 5] (JaS) ±iBI5iB^Lfc,fe3lClilKfi:^b^!|a 
A''^)^i:-S-3iaa)*n«ftK'(bffiasS^ 5 o o'CJUTlcihto 

^»T?. rXT.m\znn^m^m'mt^nm. ^i^izit^m 

Bi*sllK0)*Sa'lbS(«;^j8-V>A^lcjiff^?-a-rg;Kfcl^lit 

^ Q 

6. (Illi6<5!l1 ~5lcJPtjS;) 

aiFiBmii#a*nsft«isropiSigSA< 1-20 o-c/s?© 



teffl-efey. 5!131^Pp1A<5~3 O 0|d>G)ieHt?fc-SCi: 

[ o o 6 6 ] (fltfig) itrtfirt^ic^-r*, 

(f^ffl) ±^<Dm&^uiiamiz^-^x9kmmmi&^^m 
■r^tzi!bizitmm\fim(Dm^tj:^st±^i!&mtrho 
^mji^&mt^^-ox^^it)^m\ik±iz-mzi5amis 

iS&W«:f4)ii^^*'i>lcjRf!S<D1»/Msgafe**56i-r-5 
t,<Dt3txP>n-So #a3$Sl°C/|j>felT-t?liSig^'lb 

A<si-v>A^-r^T5&iffe±fiit^jez-rci:i*-cf#-r, 20 

0''C/8>Jil-hl*8ff ©Sl^SfiMffli ^ tf 3 fctol:: ^ > 3f 

[0067] *]»iiigaiK©^^(*i^«icSLN^Rg. •sa^ 

llffl±*S!i'tf«i3S^fffl®ffll*5~3 oo«>-r?fe-l)„ ctL 

jiJ.±ft^raa)j!iDi»i*±fiELfcjsai^a)jS:g*ffiL. 
tzms,its.rs.t}^m^m^i> c .t ic otsksod/n*^ 

msi tA,^^^ a.**i.r jsaib-r i) c ^ ic j: o r^jsx 
mx<j)^Siis.m^mm\zuh, 

[0 0 6 8] (jaS) JiiBromjS*Dl»$jl!S-r-5Ci:lC 
<i:y«l^fi<*Sa^^*lieLr. C;h,$^fiExS-Cl^- 

fiK-e^-So ^tSaia^=^«il0^5Rae*<'>'5:<, sfelS^Blc 
7 . {mm.m ^ ~ 5 (cJtJS:) 

Mt5^SK^b!|^-3lffi $3iLi£»Stt]^^S$ff 3 Sei^l£ 
5i-A<2 o V o I %Jil±<7)Km$-^t?ct^!^a<b-r-l>mI 

ism 1 ~ 6 JSfgijc<D5i^at*siis^ v/^>^« wiHit:^ 
[0069] fiiai*i^icii-r-5, 

(f^ffl) JifBSi£#SADi%(ci:S^^Xg$K'lb1£3$S 
»*L<ii2 o V o I %)iiJi (^ti) (OK*^^tr 
»HftT-PfT3c,!:lcJ;y. aiIfB^aK<b4a»K*(CJi 
B-r-5SSM*»^S!i^WI^««^a^bL. ^SJl^cDBS 
-IbStE^ffiitt-So 

[0 0 7 0] (jaS) IR*<Di^m«©fiS^^ffijtLmib 
$-l±4zi-e*Sa'lbS)E<C»RES, *&i=^^Hi<DSI±. Mffi 

•a:*C<!:*<-^^-S>o ^a)$gS, fflfiEWlct. ittttMlct 

$J^fi£T-#i.„ =&SsSaifeTS®a)^RBHA<'><f < , 
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[o o 7 1 ] mm) «!rt5rt§j^*-r-s, 

SP^J- i: PSMSP^J-roSiJ^^f if ^ Mtait- -5 c t A< pI«E-e ife 
[0 0 7 2] (SJbS) mj^»S*Dl»lcJ:^<R^Xlit7jg 

a^(Ds;sgjs^ci:^iiE<D^$t£Lr$ga4i^i^as«a);-i 
saaiS^A^e.^^€)a^gffia)^^at*:alK^^#-5 c .t 

9. (^«S«3 1 ~ 5 (cj^jj:) 

«vai$faiA<5»iii±tffcsc:t$if*8iti:-^*HtiiBig 
1 ~ 8 iif2e<D3i^mi*»K4^ V / « V 4« o Si it . 
[ o o 7 3 ] t{ri3rt#i~*-r -5. 

(ftffl) SiSssftis&aiaxs-cjKfiE^F+ifcai^jsa^b 

g^faco^ja^ftuv ^figss*ii.s^c:i:icj;ysisa^b 
<b<!:ii;:a«ia-e}^^^Ftt-5*saK*ic(i^ < ©jsa^cRS 

3&<-&*^x-SA<, 1 O 0°C/»JiAT<Dfil46T(^>o < f-)tL 

fc^ssgrijpf!&L5»wji. ^(f*L<l*3o^^■/)^f>la 
[o o 7 4] c<D^fiEssi*awa)3i^ai**t«3iisro 

[0 0 7 5] (JaS) SiSiSig** 1 O O^C/iJ'JaiT. 5 

-So 

1 o. (Slffien 1 ~ 5 

mrfBJiiiS^;S*ngft«iSl*flSJlA<o . o 5 ~ i /i m©SK 



[0 0 7 6] m!S.) mmf^mzmr^. 

O. O 5~ 1 //mO)KJS-e&-5C,!:A<»*LLN, O. O 

5 m*2Sa)KJ?-^(i, «M(cj:^xiiA<s<!tfy, n 
f> ©SbJffiliK^Atfl* L fc y . ^ + > c 

y-v»t-<. ?&!«A<ai^-r-5isic}KJ5e*ti.i,iaBfl,A<i*fiicic 
*ort^si-y-r#fl.Haic^Ey^tN, ^Ff>(c. mmni^ 

[0077] (JaS) IHIl^lS^t--Sct-0 7-y^. 

1 1 . (IISS«1| 1 ~ 5 IZ*tJ£) 

[ O O 7 8 ] (fliJjE) 5S;-8!^^ti5£*fcli 5 X h T^v v 
a >^^fflt^rsliiB(*^SW«<b^!|a»Kro}gj«^tf 
*f§B^a5i5EIIS^a-ir:^i~C£ or JbDiSftK'lb, ^a#S*ofSa 
«vax^^-c-$«S!tlHUiyigt-cticj;or. ^g^bL 

[0079] (f^ffl) BirK6<©<i:a(C^Ji&i;tlj$»S*0 

7ii)<mmiz^ or ti^a-B-r ^?LSK t /j: y -v-r u^tj if 

roPD^SI*gfi<j»ISa)liSIlA<Jl< '&:S«<b*^C-V?>-rL^o Hi 

m*ar & o r t lasB ^ is^ii t -r -5 iciiaiK 
[0 0 8 01 mm^0'mwfifS.Lx:^§tm<omm 

1 2. ^MK^JKfiK-r-5=&M<73«J?£7c^ibA<SJEi:-5Zi: 

[008 1] mm) mti(^^\zm-ri>, 
7cm4'icigfi^jtiLA!>-rL^^<bexvx$*L. ^tzm 
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<l*^gi?ti:-6^b^SI&iia^oi$i-S}MJilc. It^Tc 
m. t*;^vxtL<l*«J, ^ia*](c-^*t--5ftel*|i)-iffi 

E^I#fc1±fc^llM*il0!Sft^JiE-r-5o flSJl^lRllcM'Ef-S) 

(B i 2 02 ) 2+ (Am-i Bn, O 
A = Bi. Pb, Ba. Sr. Ca. Na, K, C d <D 
rt*^f>Sli+L-5 1 0 L < (*«»7cigA^b.tf -SffSifc* 

[0084] B=Ti, Nb, Ta. W. Mo. Fe, 
Co, C r<7)l>^A^^>SI^^^■5 TOt L<tt«S!t3cl^A''P> 

Jif-SeiSik^lcJiSiiai^^tp-B-, m= 1 ~5<7)g«l!S„ 

[0085] («K)t) mtifum^m-f^, 

x^tt-lb^itaiit&^^S^M^biiairifc-tr^J^SSSjt^ 

S r B i 2 ( T a 1-x N b x ) 2 

O^ 1 

[0088] (f^ffl) :*:*ISIci|^:>^ fx v;^^tt<b^ 

XVX : S r B i 2 ( T a 1-x N b x ) 2 Og (O^x 
^ 1 ) l*!^»c^}-filSte«»!^ttl=Mtn 0l2li]JilJ:<0«- 
filJKte^<SyilLrt,J5Sg«?5S(DS);^bA<'tj<. IB^tS 
eSi^aiL. >N£(c#5lf«(z^<0)|llSfc 
Ua,S^>«JSI£^ jg5.Mt-r-5^3H*> =E 'J T/W Xffl^ 

L < JST¥S 1 15 i: A, if IS) C-e fc y liigS*STrt-C?ffS 

icafiiLfeactA«pr«E-t?fey. Ta/Nbifc$s.>z 

[0089] (3am) i^filSte![S3*!^ttA<!^IC«:Kfc S 
r B i 2 (T a 1-x N bx ) 2 09 »K05iffil^itJEtt$ 

15. (USSfflll -4(cS*fE) 

fFl5tiji#SJboSft<DSQSait 3b< 8 0 0 °CJil±-e 4 C i: 

$!|$a<t-ri)B!iiami 4 3SfE®<r»5issmi*itBi+-v/^v 



[0082] (jas) *fiB^icti£Lva MroaiKssifiE^ 
-lb ^ o It r ^g<b L r )Ki,E-r S c ^ ic <fe y juisaisifie^ 

l^fflfiEro^KlM'IbCCckSKMfiTtm 

§#tt^^L5igim(*aiiHiiflJSfflJlK*iBLfcy LT. Ml 

as ^ tr 5 c 1 1 T- ^ -5 o 
1 3. (Il!615!li '>-4(cS^JE) 

H5fB5t^S(*aiPA<-j|ftS (1) -eSiS^FtL^fXVA 
^tt<b^^1?feSZ<i:$!{$ai:-r*fJfBmi ~1 2^fB 

[0 0 8 3] 

3nH-l) 2- (1) 

[0086] (jaS) 3f:fllS<7)fiEK:^P-trX$tort* 
xvxBtt^b^!B!i^fi£K-rsc<t(cj:-3r. »flgste« 

1 4. (USS^l ~4(c?^JS) 

HtliBfXVXgtt^b'&!^A<-M[5C (T ) -CSiS^H^ 

^#sti-rs«rtBmi 3«ig«©5i^at*aii«^-v/'?v 

[0 0 8 7] 

09 (1' ) 

[0 0 9 0] cm) BiliBrtSIC^r-S. 

(f^ffl) SrBi2 Ta2 O9 -SiK®*Sa'(bSSl* 8 O 

a ^ fr a c t ic <fe o r ic S K«-i^roiS5t^«i*»IK 

[O O 9 1 1 (ja*) 8 O 0°CJil±T?*f|B^fl)^^&a 
B i 2 T a2 09 it!6^ttA''OSWIE14a)^ 

1 6 . (.mmm 1.3,4 icstjs) 

filS^fiExS(cjbMti,«isaS*<8 o o'cijJiJi -eft's c 
i:^!f$fi![i:-r-5fIiEISl 4X1/1 5 ^S3K<D?iSimi*ai 

[ o o 9 2 ] («iia) frtsw^icsg-r -So 

(f^ffl) S r B i 2 T a2 O9 jUKOSSS^bSSl* 8 O 

[ o o 9 3 ] (^bS) 8 o o °cui±-c*:fiB^a)^fiE«ia 

^^T5c<!:(-J:-^-C. SfeSiiitJEItlc^tLfcS r B i 2 T 

a 2 09 mm^m. mf&mm^':>^m&ii(D^mmwm 
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1 7. (^Jfi«5 5lc>etJE) 

frts^eafrsnRA^-flft^ (2) X'^m^ti^pzrt 

(P b1-x+a Ax ) (Z r l-y-z 

a=0~0. 2 

A = Ca, Sr. Ba. Th, La, Y, Sm, Dy, 
Ce. Bi, Sb<D5*)A'''bSI*iX'SlotL<l*iaSJf 

[0 0 9 5] X =0~0. 3 
y = 0~0. 9 

B = Hf. Sn. Nb, Ta, W, M o (05 ^)b^ t>Stf 

[0096] z = 0~0. 3 
^ = 0~0. 05 

Me = La. Y. Sm. Dy. Ce, Bi. Sb. N 
b. Ta. W. Mo, Cr. Co. Ni, Fe. Cu. 
Si. Ge. U, S c<Z)5*)*'>'iS(*tt^>1 'DtL<l* 

[0 0 9 7] (fliJS) fl1llErt§lC*-r-5. 

(ftffl) *flB^lcil+5S P Z T ^^gimtt:ld:>c#^i:^i-fil 

[0098] (.i^m) :^mM<o^m-:fa-b7.^t-oX$S 

■^^^^mim^mmf^mm: ^!&mi- -s c <b ic j; o t . 
^ms.G&m^mzsti. J^)^-^ai^fti^iiilfflE1tro^^lst* 

1 8. {mmmsizt^m) 

BtrfB3&a#SllP8&0«iaS)SA<7 O 0°CJU±-eJt.^Ci: 
[0 0 9 9] (fllfig) «II5l*)^IC^-r-5o 

(ffffl) -htBPZTa}projsga'lbSSi*7 0 0''cifi«5(z 



[ O O 9 4 ] 
iy Bz ) 03 +^IVIeO (2) 

[0100] (jan) 7 oo°cju±-e*fiB^ro^s»s 

ttlSSRfflaSff 5 C ,t ic J; or^StWS14l:;StLfc P Z T 
-Sllg^f#, Wjl£5^14A^oaiiiitE14a)3teB(*SIK+v/^ 

19. (.mmm 5 iznss.) 

tsst&m!S.T.m\ztsif^mm&&t)<7 o o°cja-h-c&§z 
[0101] (m) ttrsartS(c*-r-5o 

(ftffl) PZTaiBia)Siga'(bSSii7 0o°ci&^ic& 
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